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400
Receiving a first channel from a first airborne radio a

l

Receiving a second channel (and potentially additional
channels) from a second airborne radio (and potentially
other radios), the first and second channels being wide 410
area network (WAN) connections to wireless “
communication network resources on the ground (and the
other channels potentially including satellite or other
ATG services

l

Aggregating the first and second channels (and any
additional channels) for service to local area network — 420
(LAN) connections on the aircraft, the LAN connections
including one or more short range wireless
communication access points

FIG. 4.
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1
METHOD AND APPARATUS FOR
ENHANCING AN AIR-TO-GROUND WiFi
SYSTEM

TECHNICAL FIELD

Example embodiments generally relate to air-to-ground
(ATG) communication network performance and, more par-
ticularly, relate to a method and apparatus for enhancing the
performance of an ATG Wi-Fi system.

BACKGROUND

High speed data communications and the devices that
enable such communications have become ubiquitous in
modern society. These devices make many users capable of
maintaining nearly continuous connectivity to the Internet
and other communication networks. Although these high
speed data connections are available through telephone
lines, cable modems or other such devices that have a
physical wired connection, wireless connections have revo-
Iutionized our ability to stay connected without sacrificing
mobility. However, in spite of the familiarity that people
have with remaining continuously connected to networks,
people have become equally familiar with not having a
satisfying user experience while in the air.

Although satellite networks have provided improvements
in the amount of bandwidth that is available to users on
aircraft, and have also provided improved connection reli-
ability, the costs of employing and using satellite networks
along with the ever present problem of latency continues to
limit the user experience associated with satellite commu-
nications. Meanwhile, ATG networks have continued to
improve in terms of reducing cost and increasing reliability,
all while avoiding the latency problem. In this regard, some
ATG networks have managed to provide very large band-
width connections from airborne assets to the ground. Effec-
tively, ATG networks may be able to provide a very large
“pipe” through which data can flow in both directions from
an aircraft. In fact, the size of the pipe may be so significant
that capacity issues are no longer associated with the link to
the aircraft, but may be associated instead with the onboard
Wi-Fi system.

Accordingly, it may be desirable to provide enhancements
to onboard Wi-Fi capabilities in order to overcome the
potential for capacity issues.

BRIEF SUMMARY OF SOME EXAMPLES

In one example embodiment, an aggregation router for an
aircraft may be provided. The aggregation router may
include processing circuitry. The processing circuitry may
be configured to receive a first channel from a first airborne
radio, and receive a second channel from a second airborne
radio. The first and second channels may be WAN connec-
tions to wireless communication network resources on the
ground. The processing circuitry may be further configured
to aggregate the first and second channels for service to LAN
connections on the aircraft, which LAN connections may
include one or more short range wireless communication
access points.

In another example embodiment, a aircraft communica-
tion system may be provided. The system may include an
antenna assembly configured to send wireless signals to and
receive wireless signals from a ground station and an
airborne radio assembly associated with a plurality of wide
area network (WAN) connections. The WAN connections
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may include a first channel associated with a first airborne
radio of the airborne radio assembly and a second channel
associated with a second airborne radio of the airborne radio
assembly. The system may further include an aggregation
router configured to aggregate the first and second channels
for service to local area network (LAN) connections on the
aircraft. The LAN connections may include one or more
short range wireless communication access points.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

Having thus described the invention in general terms,
reference will now be made to the accompanying drawings,
which are not necessarily drawn to scale, and wherein:

FIG. 1 illustrates a block diagram of a system for pro-
viding wireless communication to an aircraft in accordance
with an example embodiment;

FIG. 2 illustrates a block diagram of an airborne system
for maintaining user experience at acceptable levels accord-
ing to an example embodiment;

FIG. 3 illustrates a block diagram of an ATG aggregation
router according to an example embodiment; and

FIG. 4 illustrates a block diagram of a method of employ-
ing the ATG aggregation router according to an example
embodiment.

DETAILED DESCRIPTION

Some example embodiments now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which some, but not all example embodiments are
shown. Indeed, the examples described and pictured herein
should not be construed as being limiting as to the scope,
applicability or configuration of the present disclosure.
Rather, these example embodiments are provided so that this
disclosure will satisfy applicable legal requirements. Like
reference numerals refer to like elements throughout. Fur-
thermore, as used herein, the term “or” is to be interpreted
as a logical operator that results in true whenever one or
more of its operands are true. As used herein, the terms
“data,” “content,” “information” and similar terms may be
used interchangeably to refer to data capable of being
transmitted, received and/or stored in accordance with
example embodiments. Thus, use of any such terms should
not be taken to limit the spirit and scope of example
embodiments.

As used in herein, the terms “component,” “module,”
“system,” “device” and the like are intended to include a
computer-related entity, such as but not limited to hardware,
firmware, a combination of hardware and software, or
software in execution on some sort of hardware. For
example, a component may be, but is not limited to being,
a process running on a processor, a processor, an object, an
executable, a thread of execution, a program, and/or a
computer. By way of example, both an application running
on a computing device and/or the computing device can be
a component. One or more components can reside within a
process and/or thread of execution and a component may be
localized on one computer and/or distributed between two or
more computers. In addition, these components can execute
from various computer readable media having various data
structures stored thereon. The components may communi-
cate by way of local and/or remote processes such as in
accordance with a signal having one or more data packets,
such as data from one component interacting with another
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component in a local system, distributed system, and/or
across a network such as the Internet with other systems by
way of the signal.

Some example embodiments may provide an ATG aggre-
gation router that is configured to enable the aggregation of
multiple ATG channels into a single larger aggregated chan-
nel (or pipe) for use by the passengers in the cabin of the
aircraft. The aggregation of multiple ATG channels by an
onboard router (e.g., a Wi-Fi router) can enable the user
experience that any user of the ATG network for various
types of applications or services provided thereby to be
improved. When certain networks employ beam forming
technology, in which beams are dynamically steered or
selected to maximize range and quality of the ATG channels,
while maintaining high bandwidth, the ATG aggregation
router can enable a minimum quality level for the user
experience to be maintained, even with very large numbers
of onboard users.

FIG. 1 illustrates an example layout of a system in which
any one or more of multiple instances of an ATG aggregation
router 100 of an example embodiment may be employed. As
shown in FIG. 1, the ATG aggregation router 100 may be
located on an aircraft 110 and may be configured to operate
in connection with a wireless network such as an ATG
network 120.

As shown in FIG. 1, the ATG network 120 may include a
plurality of wireless access points (APs) or base stations
(BSs) that include antennas configured for wireless commu-
nication. Thus, for example, the ATG network 120 may
include a first ATG BS 122 and a second ATG ABSP 124,
each of which may be base stations, among a plurality of
geographically distributed base stations that combine to
define the coverage area for the ATG network 120. The first
and second ATG BSs 122 and 124 may each be in commu-
nication with the ATG network 120 via a GTW device 126.
The ATG network 120 may also be in communication with
a wide area network such as the Internet 130, VPNs or other
communication networks. In some embodiments, the ATG
network 120 may also include or otherwise be coupled to a
packet-switched core or other telecommunications network.
Each base station of the ATG network 120 may have a wired
(or wireless) backhaul connection to its respective wireless
network to allow access thereto for the wireless communi-
cations devices (e.g., user equipment (UE)) that are located
on the aircraft 110 to be connected with the Internet 130 or
other networks 135 (e.g., terrestrial networks including
cellular networks, satellite networks, etc.) in order to com-
municate with content servers 140, other communication
devices 150, and/or the like.

As can be appreciated from FIG. 1, the aircraft 110 may
move such that for respective periods of time, the aircraft
110 is located in a cell or coverage area of either the first
ATG BS 122 or the second ATG BS 124, and communica-
tion traffic or data directed to and from the aircraft 110 may
be provided via a respective one of the first ATG BS 122 or
the second ATG BS 124. For example, when being served by
the first ATG BS 122, a first communication link 170 may be
established between communication equipment (e.g., radio
equipment) on the aircraft 110 and the first ATG BS 122.
When being served by the second ATG BS 124, a second
communication link 172 may be established between the
communication equipment on the aircraft 110 and the sec-
ond ATG BS 124. Assuming the first ATG BS 122 and the
second ATG BS 124 have overlapping coverage areas, a
handover between the first and second communication links
170 and 172 may be accomplished while in the overlap
region.
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The first communication link 170 and the second com-
munication link 172 may each be established using one or
more of a plurality of separate channels. In some example
embodiments, the ATG network 120 may employ spectrum
located in one of the industrial, scientific, and medical (ISM)
radio bands. Thus, for example, the first and second com-
munication links 170 and 172 may employ three channels
that may be separated from each other by a predefined
amount. In an example embodiment, the three channels may
include a first channel centered at 2450.7 MHz, a second
channel centered at 2460.7 MHz, and a third channel cen-
tered at 2470.7 MHz.

Under normal circumstances, although the first ATG BS
122 (or the second ATG BS 124) transmits all three channels
directed toward the aircraft 110, the communication equip-
ment on the aircraft 110 (and therefore also the router that
provides short range wireless communication, e.g., via Wi-
Fi, to the UEs of the passengers) will only use one of the
three channels. The channel that is used may either be
predetermined, or may be selected based on qualitative
criteria. For example, an airborne radio (ABR) of the aircraft
110 may monitor all three channels and pick the best one for
use by the Wi-Fi router onboard the aircraft 110. The “best”
channel may be selected based on the amount of noise
pollution measured for each respective channel such that the
channel with the lowest noise is selected as the channel that
provides service to passengers via the Wi-Fi router.

However, in accordance with an example embodiment,
the ATG aggregation router 100 may be configured to
aggregate multiple channels together (either on a permanent
basis or temporary (e.g., selectively or situationally)) to
improve the user experience in the cabin of the aircraft 110.
FIG. 2 illustrates functional block diagram of a system
employing the ATG aggregation router 100 of an example
embodiment. As shown in FIG. 2, the system may include a
ground antenna 200, which may be associated with the first
ATG BS 122, second ATG BS 124, or another base station
associated with the ATG network 120 (or another network
capable of communicating with the aircraft 110). The ground
antenna 200 may transmit to (or receive from) onboard
antenna assembly associated with the aircraft 110 using
waveforms and/or frequencies associated with the ATG
network 120. Thus, for example, the ground antenna 200
may utilize beamforming and 2.4 GHz waveforms to com-
municate with airborne antennas of the antenna assembly.

In the example of FIG. 2, the airborne antennas include
primary antenna 210 and a high performance blade (HPB)
antenna 220. In some cases, the HPB antenna 220 may be
configured to also include a global positioning system (GPS)
module to process GPS signals. Signals received by the
airborne antennas may be fed into ABR circuitry that may be
configured to define corresponding individual channels. For
example, ABR 1 230 may be associated with the first
channel (e.g., centered at 2450.7 MHz), ABR 2 232 may be
associated with the second channel (e.g., centered at 2460.7
MHz), and ABR 3 234 may be associated with the third
channel (e.g., centered at 2470.7 MHz). Notably, other
ABRs (e.g., ABR 4 236 and ABR 5 238) may or may not
also be included. The other ABRs may be associated with
additional ATG channels, or may be associated with other
data sources (e.g., satellite network channels, or other net-
work channels).

As noted above, in a typical situation, the ground antenna
200 transmits at least the first channel, second channel and
third channel. However, normally the router that is
employed will only utilize one of the channels to enable UEs
of the passengers to access services and content communi-
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cated via the utilized channel. In particular, the router would
operably couple the utilized channel to a first access point
(AP 1) 240, a second access point (AP 2) 242 and (if
applicable) any additional access points (e.g., third access
point (AP 3) 244). However, as also noted above, following
this typical paradigm can (particularly for large numbers of
UEs utilizing high bandwidth applications) result in reduced
performance or quality at the UEs as the bandwidth avail-
able via the utilized channel is divided significantly.

Meanwhile, the ATG aggregation router 100 of an
example embodiment can avoid this problem. In this regard,
for example, the wide area network (WAN) connections to
the ATG aggregation router 100 may all be provided such
that each of the ABR channels is fed into the ATG aggre-
gation router 100. Thereafter, local area network (LAN)
connections may be established from the ATG aggregation
router 100 to the first, second and/or third access points 240,
242 and/or 244. The ATG aggregation router 100 may be
configured to select one or more of the sources available
from the WAN connections to serve devices (e.g., UEs 250
of passengers of the aircraft 110) via the LAN connections.
In other words, the ATG aggregation router 100 may be
configured to aggregate any or all of the WAN connections
for delivery of services on the LAN connection side.

The nature of the configuration of the ATG aggregation
router 100 to support this capability will be discussed in
greater detail below. However, in general terms, it should be
appreciated that the ability of the ATG aggregation router
100 to aggregate multiple different ATG channels into a
single “pipe” can enable even large numbers of UEs 250 to
continue to receive services with superior speed, bandwidth,
or various other aspects of network performance.

FIG. 3 illustrates a functional block diagram of the ATG
aggregation router 100 of an example embodiment. In this
regard, the ATG aggregation router 100 may include pro-
cessing circuitry 310 configured to perform the tasks, opera-
tions and/or functions of the ATG aggregation router 100 as
described herein. As such, the processing circuitry 310 may
be configured to perform data processing, control function
execution and/or other processing and management services
according to an example embodiment of the present inven-
tion. In some embodiments, the processing circuitry 310
may be embodied as a chip or chip set. In other words, the
processing circuitry 310 may comprise one or more physical
packages (e.g., chips) including materials, components and/
or wires on a structural assembly (e.g., a baseboard). The
structural assembly may provide physical strength, conser-
vation of size, and/or limitation of electrical interaction for
component circuitry included thereon. The processing cir-
cuitry 310 may therefore, in some cases, be configured to
implement an embodiment of the present invention on a
single chip or as a single “system on a chip.” As such, in
some cases, a chip or chipset may constitute means for
performing one or more operations for providing the func-
tionalities described herein.

In an example embodiment, the processing circuitry 310
may include one or more instances of a processor 312 and
memory 314 that may be in communication with or other-
wise control a device interface 320. As such, the processing
circuitry 310 may be embodied as a circuit chip (e.g., an
integrated circuit chip) configured (e.g., with hardware,
software or a combination of hardware and software) to
perform operations described herein.

The ATG aggregation router 100 of FIG. 3 does not show
a user interface. However, in some cases, a user interface
may be included in order to enable an operator to select or
change various settings or programming instructions for
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6

guiding operation of the ATG aggregation router 100. For
example, modes of operation or other guidance instructions
could be provided via the user interface (if included).

The device interface 320 may include one or more inter-
face mechanisms for enabling communication with other
devices, both internal and external to the ATG aggregation
router 100. Thus, for example, internal modules or compo-
nents and external modules, entities, web sites, devices
and/or the like may all be communicated with via the device
interface 320. In some cases, the device interface 320 may
be any means such as a device or circuitry embodied in
either hardware, or a combination of hardware and software
that is configured to receive and/or transmit data from/to
modules, entities, components, radios, networks, web sites,
applications, etc., that are in communication with the pro-
cessing circuitry 310.

The processor 312 may be embodied in a number of
different ways. For example, the processor 312 may be
embodied as various processing means such as one or more
of a microprocessor or other processing element, a copro-
cessor, a controller or various other computing or processing
devices including integrated circuits such as, for example, an
ASIC (application specific integrated circuit), an FPGA
(field programmable gate array), or the like. In an example
embodiment, the processor 312 may be configured to
execute instructions stored in the memory 314 or otherwise
accessible to the processor 312. As such, whether configured
by hardware or by a combination of hardware and software,
the processor 312 may represent an entity (e.g., physically
embodied in circuitry—in the form of processing circuitry
310) capable of performing operations according to embodi-
ments of the present invention while configured accordingly.
Thus, for example, when the processor 312 is embodied as
an ASIC, FPGA or the like, the processor 312 may be
specifically configured hardware for conducting the opera-
tions described herein. Alternatively, as another example,
when the processor 312 is embodied as an executor of
software instructions, the instructions may specifically con-
figure the processor 312 to perform the operations described
herein.

In an example embodiment, the processor 312 (or the
processing circuitry 310) may be embodied as, include or
otherwise control the operation of a channel selector 340 (or
channel selector module). As such, in some embodiments,
the processor 312 (or the processing circuitry 310) may be
said to cause each of the operations described in connection
with the channel selector 340 in relation to implementation
of aggregation responsive to execution of instructions or
algorithms configuring the processor 312 (or processing
circuitry 310) accordingly. The channel selector 340 may be
controlled (e.g., by the processor 312 or processing circuitry
310) based on inputs received from the various channels
(e.g., any or all of ABR 1230, ABR 2 232, ABR 3 234, ABR
4 236 and ABR 5 238) and/or based on conditions associated
with the LAN connection side. In this regard, for example,
the channel selector 340 may be configured to determine
whether to aggregate ATG channels at all and/or which
channels to aggregate based on a mode of operation of the
channel selector 340 and/or based on a situational assess-
ment of various qualitative parameters. With respect to
mode, the channel selector 340 may have an aggregation
mode in which aggregation is either employed always or is
enabled to be employed based on the situational assessment.
Alternatively, the channel selector 340 may have a normal
(i.e., no aggregation) mode in which aggregation is not
performed.
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In an exemplary embodiment, the memory 314 may
include one or more non-transitory memory devices such as,
for example, volatile and/or non-volatile memory that may
be either fixed or removable. The memory 314 may be
configured to store information, data, applications, instruc-
tions or the like for enabling the processing circuitry 310 to
carry out various functions in accordance with exemplary
embodiments of the present invention. For example, the
memory 314 could be configured to buffer input data for
processing by the processor 312. Additionally or alterna-
tively, the memory 314 could be configured to store instruc-
tions for execution by the processor 312. As yet another
alternative, the memory 314 may include one or more
databases that may store a variety of data sets relevant to
defining various thresholds or decision points/criteria.
Among the contents of the memory 314, applications and/or
instructions may be stored for execution by the processor
312 in order to carry out the functionality associated with
each respective application/instruction. In some cases, the
applications may include instructions for controlling opera-
tion of the channel selector 340 as described herein. The
control over operation may include mode selection or defi-
nition of various modes of operation of the channel selector
340.

In some example embodiments, when in the normal
mode, the ATG aggregation router 100 may be configured to
select a “best” channel from the inputs received from the
ABRs. The best channel may then be used as the only source
from among the WAN connections 330 to supply the LAN
connections 335. The best channel may be selected based on
having the lowest noise level or based on any other quali-
tative parameters the channel selector 340 is configured to
monitor or receive. The channel selector 340 may be con-
figured to periodically check the qualitative parameters or
noise levels associated with each channel in order to update
or otherwise re-select the best channel. Alternatively, the
best channel may be maintained until the noise levels or
qualitative parameters associated with the best channel
degrade below a set threshold, at which time a new best
channel may be selected.

When in the aggregation mode, the channel selector 340
may be configured to either aggregate at least two channels
(and perhaps more), or to determine whether or not to
aggregate any channels based on the situational assessment.
The situational assessment may, for example, include a
supply side (e.g., WAN connection side) conditional assess-
ment and/or a demand side (e.g., LAN connection side)
conditional assessment. The decisions on whether to aggre-
gate channels at all and/or on which channels to aggregate
may therefore be made by the channel selector 340 based on
either or both of the supply side conditional assessment and
the demand side conditional assessment.

The supply side conditional assessment may be accom-
plished by the channel selector 340 based on monitoring
quality and/or capacity of the individual channels being
supplied by the respective ones of the ABRs. For example,
at any given time, the noise levels experienced by each of the
channels may be different based on the number and location
of local interferers that are able to be picked up by the
respective ABRs. The channel selector 340 may be config-
ured to monitor noise levels associated with each respective
channel and rank each channel based on the noise levels. The
channel or channels having the lowest noise or interference
levels may be ranked highest. In some cases, channel grades
may be assigned based on the noise levels or other detectable
channel conditions that impact the signal quality of each
respective channel. Thus, in addition to (or instead of)
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simply ranking each channel based on quality or noise level,
a qualitative assessment of each channel may further be
provided by the channel selector 340. In some cases, the
grade or qualitative assessment of a channel may be required
to be above a certain threshold or level in order for the
channel to be relied upon without aggregation. Alternatively
or additionally, the grade or qualitative assessment of a
channel may be required to be above the certain threshold or
level in order for the channel to be used in aggregation with
another channel. Thus, in general terms, the qualitative
assessment may be an assessment of various performance
criteria that may be evaluated, and the performance criteria
could include noise levels or other parameters that can be
measured and evaluated.

The demand side conditional assessment may be accom-
plished by the channel selector 340 based on monitoring the
number of UEs 250 that are demanding services on the LAN
connection side. As an example, if the number of UEs 250
demanding services is below a minimum customer demand
level, aggregation may not be needed in order to maintain
quality of service at desired levels. Thus, aggregation of
channels may not be performed and only the best channel
may be used to service the LAN connection side. However,
if the number of UEs 250 exceeds the minimum customer
demand level, then aggregation may be employed using the
best two channels. Within this paradigm, aggregation of
even more channels (e.g., three channels or even the addition
of non-ATG channels into the aggregation process) may be
accomplished when corresponding different threshold levels
of numbers of users (i.e., raw numbers of UEs 250 demand-
ing services) are reached.

As an alternative to using the number of users as the
criterion upon which demand side conditional assessments
are made, the amount of bandwidth demanded (by any
number of users) may be used. Thus, for example, the
channel selector 340 may be configured to periodically
monitor the amount of bandwidth being demanded from the
UEs 250. If the amount of bandwidth is below a minimum
bandwidth demand level, aggregation may not be needed in
order to maintain quality of service at desired levels. Thus,
aggregation of channels may not be performed and only the
best channel may be used to service the LAN connection
side. However, if the amount of bandwidth being demanded
exceeds the minimum bandwidth demand level, then aggre-
gation may be employed using the best two channels. If the
amount of bandwidth exceeds further demand thresholds
than corresponding additional channels (including non-ATG
channels) may be aggregated accordingly when the corre-
sponding different threshold levels of bandwidth are
reached.

Demand side conditional assessments may also be made
based on performing a ping test, jitter test and/or measuring
download/upload speed information or latency. For each of
these criteria, one or more thresholds may be defined. Below
the lowest threshold, aggregation may not be performed.
Above the lowest threshold, aggregation may be performed
using the top two ranked channels. Above respective higher
thresholds, new channels (including potentially non-ATG
channels) may be added in aggregation. In still other cases,
rather than measuring specific parameters, the type of appli-
cations being run or supported by the UEs 250 may be used
as a basis for making aggregation decisions. Thus, in some
cases, the demand side conditional assessments may be
made based on the types of applications being executed by
the UEs 250. As an example, if applications that are not
sensitive to latency or real time quality of service constraints
are being employed, no aggregation may be employed.
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However, if real time and data intensive applications are
being employed (e.g., video conferencing applications,
video calls, etc.), then aggregation may be employed. In
each of the examples above, number of users, bandwidth, the
various performance tests mentioned above, and the types of
applications run may each be considered to be qualitative
demand indicators. Thus, the channel selector 340 may be
configured to compare the qualitative demand indicators to
corresponding thresholds (e.g., for one or for each one if
more than one is used) to determine whether (or to what
degree) to institute aggregation.

Accordingly, as a starting point, some example embodi-
ments may either employ aggregation or not purely based on
mode selection (e.g., in an on/off or binary context). The
channel selector 340 may rank and select the best channel
when turned off, and may aggregate one or more channels
(in some cases based on rankings) when turned on. How-
ever, in other cases, the channel selector 340 may be more
“intelligent” in that the channel selector 340 may (when
enabled or turned on) be configured to consider either or
both of the supply side conditional assessment and the
demand side conditional assessment when determining
whether to aggregate and how to do so.

Examples associated with using the supply side condi-
tional assessment and the demand side conditional assess-
ment are each described above, and can be used indepen-
dently of each other. However, in some cases, the channel
selector 340 may further be configured to use both the
supply side conditional assessment and the demand side
conditional assessment to make aggregation decisions. For
example, the demand side conditional assessment may indi-
cate a bandwidth demand that is above the minimum band-
width demand level thereby triggering addition of another
channel in aggregation with the best channel. However, if
the supply side conditional assessment indicates that there is
not additional channel that has a ranking sufficient to merit
adding the channel in aggregation, then no aggregation may
be performed. Similarly, as another example, if the supply
side conditional assessment indicates excellent channel
rankings for two or even three channels, aggregation may
nevertheless not be employed if the demand side conditional
assessment indicates that there is very low demand for
resources.

As such, the systems of FIGS. 1 and 2 may provide an
environment in which the ATG aggregation router 100 of
FIG. 3 may provide a mechanism via which a number of
useful methods may be practiced. FIG. 4 illustrates a block
diagram of one method that may be associated with the
systems of FIGS. 1 and 2, and the ATG aggregation router
100 of FIG. 3. From a technical perspective, the ATG
aggregation router 100 described above may be used to
support some or all of the operations described in FIG. 4. As
such, the platforms/components/modules described in FIGS.
1, 2 and 3 may be used to facilitate the implementation of
several computer program and/or network communication
based interactions. It will be understood that each block of
the flowchart, and combinations of blocks in the flowchart,
may be implemented by various means, such as hardware,
firmware, processor, circuitry and/or other device associated
with execution of software including one or more computer
program instructions. For example, one or more of the
procedures described above may be embodied by computer
program instructions. In this regard, the computer program
instructions which embody the procedures described above
may be stored by a memory device and executed by a
processor in the device. As will be appreciated, any such
computer program instructions may be loaded onto a com-
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puter or other programmable apparatus (e.g., hardware) to
produce a machine, such that the instructions which execute
on the computer or other programmable apparatus create
means for implementing the functions specified in the flow-
chart block(s). These computer program instructions may
also be stored in a computer-readable memory that may
direct a computer or other programmable apparatus to
function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article
of manufacture which implements the functions specified in
the flowchart block(s). The computer program instructions
may also be loaded onto a computer or other programmable
apparatus to cause a series of operations to be performed on
the computer or other programmable apparatus to produce a
computer-implemented process such that the instructions
which execute on the computer or other programmable
apparatus implement the functions specified in the flowchart
block(s).

Accordingly, blocks of the flowchart support combina-
tions of means for performing the specified functions and
combinations of operations for performing the specified
functions. It will also be understood that one or more blocks
of the flowchart, and combinations of blocks in the flow-
chart, can be implemented by special purpose hardware-
based computer systems which perform the specified func-
tions, or combinations of special purpose hardware and
computer instructions.

In this regard, a method according to one embodiment of
the invention, as shown in FIG. 4, may include receiving a
first channel from a first airborne radio at operation 400, and
receiving a second channel from a second airborne radio at
operation 410. Of note, operation 410 could further include
receiving a third channel and, in some cases, more than three
channels (e.g., a fourth and fifth channel). The first and
second channels may be WAN connections to wireless
communication network resources on the ground. The third
channel may also be similar to the first and second channels
(e.g., an ATG connection from a single source), and the
fourth and fifth channels could be from satellite services, or
from other ATG sources or networks. The method may
further include aggregating the first and second channels for
service to LAN connections on the aircraft, which LAN
connections may include one or more short range wireless
communication access points at operation 420. If operation
410 includes additional channels (e.g., the third, fourth
and/or fifth channels), then operation 420 may include
aggregation of these additional channels as well.

In an example embodiment, an aggregation router for an
aircraft may be provided. The aggregation router may
include processing circuitry. The processing circuitry may
be configured to receive a first channel from a first airborne
radio, and receive a second channel from a second airborne
radio. The first and second channels may be WAN connec-
tions to wireless communication network resources on the
ground. The processing circuitry may be further configured
to aggregate the first and second channels for service to LAN
connections on the aircraft, which LAN connections may
include one or more short range wireless communication
access points.

In some embodiments, the aggregation router may include
additional, optional features, and/or the features described
above may be modified or augmented. Some examples of
modifications, optional features and augmentations are
described below. It should be appreciated that the modifi-
cations, optional features and augmentations may each be
added alone, or they may be added cumulatively in any
desirable combination. Thus, for example, the aggregation



US 12,028,803 B2

11

router may be configured to rank the first channel and the
second channel based on performance criteria. The aggre-
gation router may also be configured to include a first mode
in which the first and second channels are aggregated, and
a second mode in which, instead of aggregating the first and
second channels, a higher ranked one of the first channel or
the second channel is selected to service the LAN connec-
tions. In other words, although the basic functionality of
being able to perform aggregation may be present, the
further capability to turn that functionality off may also be
provided. Moreover, the capability to turn the functionality
off or on based on intelligent processing of certain situations
(e.g., situational awareness) may be provided in some cases.
In an example embodiment, the aggregation router may be
configured to select between operating in the first mode or
the second mode based on a supply side conditional assess-
ment associated with the WAN connections or a demand side
conditional assessment associated with UE access via the
LAN connections. In some cases, the supply side conditional
assessment may include monitoring characteristics of the
first channel and the second channel and determining
whether the characteristics monitored are above a threshold
required to qualify the first and second channels to be
aggregated. In an example embodiment, the characteristics
may include noise or interference levels. In some cases, the
demand side conditional assessment may include comparing
one or more qualitative demand indicators to a threshold
and, in response to the threshold being exceeded, aggregat-
ing the first and second channel. In an example embodiment,
the qualitative demand indicators may include a number of
users, bandwidth, a jitter test, an upload speed test, a
download speed test, a latency test, a ping test, or a type of
application being run at the UE. In some cases, the aggre-
gation router may be configured to select between operating
in the first mode or the second mode based on the supply side
conditional assessment and the demand side conditional
assessment independent of each other. In an example
embodiment, the aggregation router may be configured to
select between operating in the first mode or the second
mode based on a combination of the supply side conditional
assessment and the demand side conditional assessment. In
some cases, the aggregation router may be configured to
monitor a third channel from a third airborne radio, and a
fourth channel from a fourth airborne radio. The first and
second channels may be ATG network channels, and at least
one of the third channel and the fourth channel may not be
an ATG network channel. The aggregation router may be
configured to aggregate the first, second, third and fourth
channels for service to LAN connections on the aircraft.
Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled in the
art to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that
the inventions are not to be limited to the specific embodi-
ments disclosed and that modifications and other embodi-
ments are intended to be included within the scope of the
appended claims. Moreover, although the foregoing descrip-
tions and the associated drawings describe exemplary
embodiments in the context of certain exemplary combina-
tions of elements and/or functions, it should be appreciated
that different combinations of elements and/or functions
may be provided by alternative embodiments without
departing from the scope of the appended claims. In this
regard, for example, different combinations of elements
and/or functions than those explicitly described above are
also contemplated as may be set forth in some of the
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appended claims. In cases where advantages, benefits or
solutions to problems are described herein, it should be
appreciated that such advantages, benefits and/or solutions
may be applicable to some example embodiments, but not
necessarily all example embodiments. Thus, any advan-
tages, benefits or solutions described herein should not be
thought of as being critical, required or essential to all
embodiments or to that which is claimed herein. Although
specific terms are employed herein, they are used in a
generic and descriptive sense only and not for purposes of
limitation.

What is claimed is:
1. An aggregation router for an aircraft, the aggregation
router comprising processing circuitry configured to:
receive a first channel employing spectrum located in an
industrial, scientific, and medical (ISM) radio band
centered at 2.45 GHz from a first airborne radio;

receive a second channel employing spectrum located in
the ISM radio band centered at 2.45 GHz from a second
airborne radio, the first and second channels being wide
area network (WAN) connections to wireless commu-
nication network resources on the ground and being
separated from each other by 10 MHz; and

aggregate the first and second channels for service to local

area network (LAN) connections on the aircraft, the
LAN connections including one or more short range
wireless communication access points,

wherein each of the first and second airborne radios is

operably coupled to a primary antenna and a blade
antenna,

wherein the blade antenna comprises a global positioning

system (GPS) module,

wherein the aggregation router is configured to rank the

first channel and the second channel based on perfor-
mance criteria, and

wherein the aggregation router is configured to shift,

responsive to operator selection, between a first mode
in which the first and second channels are aggregated,
and a second mode in which, instead of aggregating the
first and second channels, a higher ranked one of the
first channel or the second channel is selected to service
the LAN connections.

2. The aggregation router of claim 1, wherein the aggre-
gation router is configured to select between operating in the
first mode or the second mode based on a supply side
conditional assessment associated with the WAN connec-
tions or a demand side conditional assessment associated
with user equipment (UE) access via the LAN connections.

3. The aggregation router of claim 2, wherein the supply
side conditional assessment comprises monitoring charac-
teristics of the first channel and the second channel and
determining whether the characteristics monitored are above
a threshold required to qualify the first and second channels
to be aggregated.

4. The aggregation router of claim 3, wherein the char-
acteristics include noise or interference levels.

5. The aggregation router of claim 2, wherein the demand
side conditional assessment comprises comparing one or
more qualitative demand indicators to a threshold and, in
response to the threshold being exceeded, aggregating the
first and second channels.

6. The aggregation router of claim 5, wherein the quali-
tative demand indicators include a number of users, band-
width, a jitter test, an upload speed test, a download speed
test, a latency test, a ping test, or a type of application being
run at a UE.
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7. The aggregation router of claim 2, wherein the aggre-
gation router is configured to select between operating in the
first mode or the second mode based on a combination of the
supply side conditional assessment and the demand side
conditional assessment.

8. The aggregation router of claim 2, wherein the aggre-
gation router is configured to monitor a third channel from
a third airborne radio, and a fourth channel from a fourth
airborne radio,

wherein the first and second channels are air-to-ground

(ATG) network channels, at least one of the third
channel and the fourth channel is not an ATG network
channel, and

wherein the aggregation router is configured to aggregate

the first, second, third and fourth channels for service to
the LAN connections on the aircraft.
9. An aircraft communication system comprising:
an antenna assembly configured to send wireless signals
to and receive wireless signals from a ground station;

an airborne radio assembly associated with a plurality of
wide area network (WAN) connections, the WAN con-
nections including a first channel employing spectrum
located in an industrial, scientific, and medical (ISM)
radio band centered at 2.45 GHz associated with a first
airborne radio of the airborne radio assembly and a
second channel employing spectrum located in the ISM
radio band centered at 2.45 GHz associated with a
second airborne radio of the airborne radio assembly,
the first and second channels being separated from each
other by 10 MHz; and

an aggregation router configured to aggregate the first and

second channels for service to local area network
(LAN) connections on an aircraft, the LAN connec-
tions including one or more short range wireless com-
munication access points,

wherein each of the first and second airborne radios is

operably coupled to a primary antenna and a blade
antenna,

wherein the aggregation router is configured to rank the

first channel and the second channel based on perfor-
mance criteria, and

wherein the aggregation router is configured to shift,

responsive to operator selection, between a first mode
in which the first and second channels are aggregated,
and a second mode in which, instead of aggregating the
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first and second channels, a higher ranked one of the
first channel or the second channel is selected to service
the LAN connections.

10. The system of claim 9, wherein the aggregation router
is configured to select between operating in the first mode or
the second mode based on a supply side conditional assess-
ment associated with the WAN connections or a demand side
conditional assessment associated with user equipment (UE)
access via the LAN connections.

11. The system of claim 10, wherein the supply side
conditional assessment comprises monitoring characteristics
of the first channel and the second channel and determining
whether the characteristics monitored are above a threshold
required to qualify the first and second channels to be
aggregated.

12. The system of claim 11, wherein the characteristics
include noise or interference levels.

13. The system of claim 10, wherein the demand side
conditional assessment comprises comparing one or more
qualitative demand indicators to a threshold and, in response
to the threshold being exceeded, aggregating the first and
second channels.

14. The system of claim 13, wherein the qualitative
demand indicators include a number of users, bandwidth, a
jitter test, an upload speed test, a download speed test, a
latency test, a ping test, or a type of application being run at
a UE.

15. The system of claim 10, wherein the aggregation
router is configured to select between operating in the first
mode or the second mode based on a combination of the
supply side conditional assessment and the demand side
conditional assessment.

16. The system of claim 10, wherein the aggregation
router is configured to monitor a third channel from a third
airborne radio, and a fourth channel from a fourth airborne
radio,

wherein the first and second channels are air-to-ground

(ATG) network channels, at least one of the third
channel and the fourth channel is not an ATG network
channel, and

wherein the aggregation router is configured to aggregate

the first, second, third and fourth channels for service to
the LAN connections on the aircraft.
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